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A B S T R A C T  
This study aimed to determine the optimum temperature and pH of the phytase activity produced by isolate of thermophilic bacteria from 
Sulili hot springs in the district Pinrang south sulawesi. This is a descriptive research, that measure of phytase activity by treated the 
variation of temperature and pH. The various of temperature has eight levels ie 20; 30; 40; 50; 60; 70; 80; and 90oC, the pH treatments 
consists of eight levels ie 2; 3; 4; 5; 6; 7; 8 and 9. Phytase activity was determined by converting the Na-phytate absorbance values produced 
by phytase enzyme against Na-phytate standard curve. One unit of phytate enzyme activity is defined as the amount of enzyme capable of 
hydrolysed Na-phytate and produce a peptide which is equivalent to one mole of tyrosine per minute under the conditions of analysis. The 
results of studies have shown that there is a significant effect of temperature on the phytase activity of Bacillus coagulans, thermophilic 
bacteria from Sulili hot springs, whereas no significant effect of pH treatment. Optimum phytase activity of B. coagulans are at 60°C and pH 
7 ie 6.11 units/ mL. 
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I N T R O D U C T I O N  
Phytase is one of the most popular enzymes, especially 
in poultry farms field. This is related to the application 
of these enzymes as an effort to improve the quality of 
poultry feed (Kusumadjaja et al., 2009). Some studies 
reported that phytase supplementation in feed, can 
improve the digestibility of nutrients that leads to 
improve the performance of poultry (Hafsan et al., 
2017). Increased nutrient digestibility is the result of 
the release of protein and essential minerals such as 
phosphorus and calcium from the myo-inositol ring 
contained in the phytate compound feed (Blaabjerg et 
al., 2015). Therefore, it can be used maximally by 
poultry for metabolic requirements (Bhavsar et al., 
2012). 
As a feed supplementation for industrial scale 
production, the most appropriately used is a 
thermostable phytase. It can produce a much better 
and more efficient phytase, because the utilization 
process can reduce the possibility of microorganisms 
contamination as it is done at high temperatures, 
otherwise it can save cooling costs in large-scale 
fermentation so processing by using high temperature 
is an option in the industry. 
Microorganisms are the most widely used as a 
source of enzymes. This gives more benefit because 
their cell are relatively easy to culture, the growth rate 
is relatively faster, easy to increase cell production as 
desired, production does not depend on season change, 
time required in shorter production process, and 
uniform quality (Pawiroharsono, 2003; Hasyimuddin 
et al., 2016). Superior microorganisms are an 
important factor in enzyme production efforts. 
Therefore, it is necessary to explore local 
microorganisms that produce phytase in Indonesia. 
High biodiversity provides a great opportunity to get 
potential microorganisms to produce enzymes. 
The wealth of Indonesia's natural resources is 
abundant. One of them is the source of hot springs that 
can be used not only as a tourist destination, but also 
the sources of thermophilic bacteria. A country with a 
rich source of hot springs will have high potential as a 
ride for thermophilic bacteria growth, but until now 
the exploration of thermoplastic hot spring 
microorganisms from potential sites is still uneven, 
especially in South Sulawesi. It is still not widely 
applied. In this research, we have measured the 
phytase activity of indigenous bacteria from hot 
springs on temperature and pH variations so that the 
optimum activity and its stability in temperature and 
pH variations are known. The results of this study are 
expected to be a reference in the effort of optimum 
phytase production. 
M E T H O D S  
Thermophilic bacteria isolates from Sulili hot springs (B. 
coagulans) has rejuvenated with inoculated the pure isolates 
in slant medium and incubated for 1 x 24 hours, then stored 
at 4°C. Preparation of standard curve of growth was 
determined by measured the value of Optical Density (OD) 
fermentation media. Bacteria were inoculated in 50 ml of 
medium as much as 2 ose isolates. Bacterial culture that has 
been suspended incubated in an incubator shaker at 60°C 
with agitation of 200 rpm. OD values were measured every 2 
hours with spectronic 20 on  = 280 nm to obtain a series of 
OD using turbidimetric method. Standard curve of growth is 
the relationship between the numbers of cells per millilitre 
  
with OD. 
Production and isolation of phytase enzyme; 2 oses 
bacterial culture inoculated from agar slant into 50 ml of 
liquid medium and then shake at 60°C with agitation of 200 
rpm until the culture reached the logarithmic phase and 
stored as a starter at the time of phytase production. Then 
about 5 ml starter culture medium was inoculated into the 
new liquid medium and then shaken at 60°C for 24 hours 
with an incubator shaker at 200 rpm. Incubated bacterial cell 
cultures were separated from the medium by centrifugation 
at 6000 g for 20 min at 4°C. The supernatant obtained a crude 
extract of enzyme activity were then tested (El-Toukhy et al., 
2013). 
Measurement of phytase activity; determined based on 
the ability of the crude extract phytase to hydrolyse the myo-
inositol bond of the phytate as subtract. The phytase activity 
is known by measuring the absorbance value of the crude 
extract of phytase at λ = 700 nm which then analyzed the 
amount of phosphate content formed (Unit/mL) in solution 
of crude extract of enzyme by substitution of absorbance 
value using linear regression equation of standard phosphate 
curve (El-Toukhy et al., 2013). As for the treatment of 
variations in temperature and pH measurement of phytase 
activity carried out at a temperature variation (20, 30, 40, 50, 
60 70; 80; and 90°C) and pH (2; 3; 4; 5; 6; 7; 8; and 9). 
Absorbance value obtained is substituted into the formula of 
determining the phytate activity. One phytase unit (U/mL) is 
defined as the number of enzymes catalyzing the formation 
of 1 μmol phosphate per minute. 
 
R E S U L T  A N D  D I S C U S S I O N  
Bacterial Growth Curve. Phytase production has 
begun by determining the bacterial growth curve. It is 
important to know the optimum phase of phytase 
production. The growth curve of b coagulans as in 
Figure 1. The growth curve is the relationship between 
the values of optical density (OD) to the incubation 
time. The OD value was measured every 2 hours with a 
spectrophotometer at λ 280 nm and obtained a series 
of OD using a turbidimetric method. 
 
Figure 1. Growth curve of Bacillus coagulans 
Generally enzymes are produced during bacterial 
growth and will achieve the highest activity at the end 
of the exponential phase or logarithmic phase. The 
growth curve showed the B. coagulans log phase 
achieved at 12 hours. The time has the basis for the 
length of incubation required as a starter, so the length 
of incubation required for the production of phytase is 
up to the end of the log phase which can be extended to 
half the stationary phase. At the end of the log phase 
there is a peak increase in the number of cells as each 
active cell multiplies, whereas in the stationary phase 
there is no longer a doubling of bacterial cells. 
Based on the growth curve B. coagulans, phytase 
production was performed by inoculated a 5 mL starter 
isolate culture suspension into 250 mL of sterile PPM 
medium and incubated at 60°C with an incubation time 
of 18 h using an incubator shaker at 100 rpm. The 
culture was then centrifuged 5000 rpm for 35 min at 
4°C. The supernatant obtained by separation from its 
precipitates is crude phytase, then its activity is 
measured. 
The phytase activity on variations of 
temperature and pH. The results of measurement of 
B. coagulans phytase activity on temperature variation 
and pH are shown in Figures 2 and 3. As shown in 
figure 2, that increase of temperature causes an 
increase in activity to reach the optimum point at 60oC. 
Increasing the temperature further showed decreased 
activity of phytase, which began to look at 70oC.  
 
Figure 2.  Phytate activity of Bacillus coagulans on the 
temperatures variation. 
At first with the increase in temperature there is an 
increase in the speed of the enzyme reaction because 
of the increased kinetic energy that accelerates the 
vibrational motion, translation and rotation of the 
enzyme and substrate thereby increasing the chances 
of both to react. At exposure to higher temperatures 
than optimum temperature, the protein will undergo 
conformational changes. Similarly, the substrate may 
undergo a conformational change so that the reactive 
group does not correspond to the active site, or 
experience resistance to entering the enzyme's active 
site so as to significantly affect its catalysis activity. At 
the optimum temperature, the enzyme activity is 
optimal and optimal product produced also (Vielle and 
Zeikus, 2001).  
The activity of B. coagulans phytase was seen from 
the pH 2 treatment and showed an increase starting at 
pH 3 to reach the optimum at pH 4 and at pH 5 to pH 9 
become decreased. The difference in activity at 
different pH results from the occurrence of 
intramolecular changes from enzymes caused by 
ionization binding and releasing protons (hydrogen 
ions) in amino, carboxyl and other functional groups. If 
the change is too large it can result in the denaturation 
of the enzyme, so that its activity will be lost (Madigan 
  
et al., 2004). 
Figure 3.  Phytate activity of Bacillus coagulans on 
the pH variation 
The results of this measurement are in line with the 
properties of phytase which is a heterologous group of 
enzymes, a subclass of phosphatases, having the ability 
to hydrolyse phosphate esters and optimum at low pH. 
At neutral pH and bases, catalytic activity decreases. 
This is due to the instability of structures in the enzyme 
protein molecules thus causing structural changes 
under these pH conditions (Vats and Banerjee, 2004; 
Tomschy et al., 2002) 
The optimum temperature and pH of the enzyme 
depend on the type and source of the enzyme. Based on 
the measurement of phytase activity on temperature 
and pH variations that have been done, it is known that 
the temperature and pH of optimum phytase produced 
by B. coagulans is 60oC and pH 7. Variation of optimum 
pH and temperature of phytase from various microbes 
have been reported. Choi et al. (2001) obtained 
phytase from Bacillus sp. KHU-10 with optimum pH 
and temperature for phytase activity were pH 6.5-8.5 
and 40°C without 10 mM CaCl2 and pH 6.0-9.5 and 
60°C with 10 mM CaCl2. Phytase is also produced by 
Lactobacillus sanfranciscensis (pH 4.0 and 45 °C), 
Mitsuokella jalaludinii (pH 7.0 and 39 °C), Pedobacter 
nyackensis (pH 7.0 and 45 °C), and Aspergillus niger (pH 
5.0 and 50 °C) (Mandviwala and Khire, 2000; Lan et al., 
2002; Angelis et al., 2003; Huang et al., 2009). 
C O N C L U S I O N  
The results of studies have shown that the activity of 
phytase from Bacillus coagulans, thermophilic bacteria 
from Sulili hot springs, optimum at 60°C and pH 7 ie 
6.11 units/ml. The phytase activity of B. coagulans at 
the optimum temperature and pH of treatment 
indicates the enzyme probability to be produced on an 
industrial scale and highly applicable to be used as feed 
additives in poultry feed, as it has a high temperature 
resistance and relatively stable at pH variations. 
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